Background {#Sec1}
==========

The term sick building syndrome (SBS) refers to non-specific mucosal, skin, and general symptoms that are caused by exposure to a specific building environment \[[@CR1], [@CR2]\]. In Japan, many residences built since the 1990s were designed to ensure airtight spaces; however, previous research suggested that this poses SBS risks for occupants \[[@CR3], [@CR4]\]. As such, the Japanese government established enforceable prevention measures through the Building Standard Act, which has applied to new buildings since 2003 \[[@CR5], [@CR6]\]. Relevant construction guidelines ensure proper ventilation and limited concentrations of indoor chemicals, such as formaldehyde. Indeed, the number of SBS reports has decreased considerably since that time \[[@CR5], [@CR7]\].

Previous SBS studies that include children have revealed many potential variables, such as sex, age, asthma/allergies, dampness, poor ventilation, and biological/chemical agents \[[@CR8]--[@CR10]\]. Research has also indicated that dampness in the home and/or school can increase SBS for school children \[[@CR11], [@CR12]\]. Further, children with doctor-diagnosed atopy and rhinitis tend to have associations with the incidence of SBS than children without these diseases \[[@CR13], [@CR14]\]. Regarding indoor chemicals, epidemiological studies conducted in both Malaysia \[[@CR9]\] and Japan \[[@CR15]\] have shown that substances such as formaldehyde are associated with increasing building-related symptoms in children.

The lifestyle behaviors adopted by children are an important factors in long-term health effects \[[@CR16]\]. Regarding SBS and lifestyle behaviors in children, research has shown that foregoing breakfast, eating too many snacks/sweets, irregular bowel movements, high durations of daily TV watching, and sleep problems are related to adverse eye, nasal, and general symptoms \[[@CR17], [@CR18]\]. However, there is limited evidence on the association of unhealthy (unfavorable) lifestyle behaviors of individuals together with previously reported factors such as personal and the building characteristics with SBS. Thus, in this study, we evaluated associations of children's lifestyle behaviors together with allergies. Additionally, since school-aged children spend most of their time in school and home building, we investigated relation of home and/or school building characteristics with SBS symptoms in elementary school children.

Methods {#Sec2}
=======

Study participants {#Sec3}
------------------

This study analyzed data from a questionnaire survey conducted to assess the home and/or school environments of elementary school children in Sapporo, Japan. As the survey design has been reported in detail elsewhere \[[@CR19]\], only brief descriptions are provided here.

Sapporo city is located in Hokkaido, which is an island in northern Japan. There are 202 total public elementary schools in Sapporo city. Based on Health and Physical Education Council membership and to include all schools from all 10 wards of Sapporo city, a total of 35 school principals were asked to participate in this study. Of those, 12 agreed and participated in this study; student numbers ranged from 113 to 906.

Questionnaires {#Sec4}
--------------

The questionnaire survey was conducted from November 2008 to February 2009. The school building characteristics were obtained from either the principal or vice-principal of the respective school. We distributed a total of 6393 questionnaires to all children in grades 1--6 from those 12 schools. Classroom teachers asked students to bring these questionnaires to parents or guardians. The questionnaires were completed by parents or guardians on behalf of their children. Students returned the completed questionnaires (*n* = 4408 returned; response rate = 69%) back to their teacher within 5--8 days. To determine and categorize SBS symptoms, the Japanese version of the MM080 epidemiological questionnaire for home and school was used \[[@CR17], [@CR20]\]. The "MM" in "MM080" refers to environmental medicine (i.e., Miljo Medicine in Swedish). SBS symptoms in the last three months were categorized as follows: mucosal symptoms (itchy eye, stuffy nose, and cough), skin symptoms (dry/flushed face, scalp, and/or hands), and general symptoms (fatigue, headache, and sleep problems). Each questionnaire item (symptom) was answered using one of three responses (i.e., "yes, often (every week)", "yes, sometimes", and "no, never"). Each item also contained a follow-up question that was answered by selecting either "yes" or "no" (i.e., "Do you believe that the symptom is due to the child's school or home building environment?"). This study considered responses of "yes, often (every week)" to at least one symptom in the category and answer of "yes" to the respective follow-up question as SBS positive. The allergic symptoms section of the questionnaire was based on the Japanese translated version of the International Study of Asthma and Allergies in Childhood (ISAAC) questionnaire of wheeze, rhinoconjunctivitis, and eczema \[[@CR19], [@CR21]\]. In this study, "Any allergies" is defined positive if a child experienced at least one of the ISAAC symptoms. The survey also asked for student demographic information, including sex, grade, parental history of allergies (history of doctor-diagnosed allergies of either mother or father of the child), lifestyle behaviors, and housing characteristics. Any response to a given lifestyle behavior that was considered "unhealthy" received 1 score, while a "healthy" response received 0 score. There were seven total lifestyle behaviors, (i) breakfast eating habits (sometimes or never = 1, always = 0), (ii) faddiness (like/dislike of food; significant = 1, none/some = 0), (iii) TV watching time/day (≥ 3 h = 1, ≤ 2 h = 0), and (iv) constipation/bowel movement (once or less in 3 days = 1, once every 1--2 days = 0). Next, three sleep-related item responses, namely (v) sufficiency, (vi) feeling refreshed after sleep, and (vii) deep sleep was used to subjectively evaluate "poor" or "good" sleep habits. Responses of "no or sometimes" were considered indicative of poor sleep quality and received 1 score, while "almost or always" were considered indicative of good sleep quality and thus received 0 score. We also assigned a lifestyle index to reflect a given student's lifestyle behaviors based on their responses; this ranged from 0 (healthiest) to 7 (unhealthiest or least healthy). Parents of the child answered a children's home building characteristics questionnaire, which included items on the number of inhabitants, building age, housing type (single- or multifamily house), structure (wood/other), newly built or renovated within 1 year (yes/no), whether they lived near heavy traffic road (within 50 m; yes/no), whether there was mechanical ventilation in the living area and/or child's room(s) (yes/no), the presence of environmental tobacco smoke (ETS; yes/no), the presence of wall-to-wall carpet (yes/no), and whether there were furry pets in the house (yes/no). We also inquired about four signs of dampness, including visible mold, moldy odor, episodes of water leakage, and condensation within the past five years; here, answers of "yes" received one score each, thus resulting in a total score used for the dampness index (0--4), with higher scores indicating greater dampness \[[@CR1]\].

Statistical analysis {#Sec5}
--------------------

We examined the prevalence of SBS based on demographics, lifestyle behaviors, home, and school building characteristics using either the chi-square or *t* test. Here, categorical variables were presented as numbers and percentiles, while continuous variables were shown as mean ± standard deviations. Then, the combined impacts of lifestyle variables were quantified using the abovementioned lifestyle index (0--7); individual lifestyle behaviors range from 0 (healthiest) to 7 (unhealthiest or least healthy). Logistic regression models were then used to determine whether SBS symptoms were associated with demographic, lifestyle behaviors, and home building characteristics. Odds ratios (OR) were calculated with 95% confidence intervals (95% CI) and adjusted for the potential confounding factors of gender, grade, parental history of allergies, and school. Finally, we conducted a stepwise backward elimination analysis to determine the independent variables in association with SBS. All variables of lifestyle behavior and home characteristics were introduced into the model at the same time and adjusted for gender, grade, school, and parental history of allergies. Two-tailed tests and 5% levels of significance were applied to all analyses. All calculations were performed using the JMP Clinical 6.0 software from SAS.

Ethics {#Sec6}
------

This study's protocol was approved by the ethical board for epidemiological studies at the Hokkaido University Graduate School of Medicine on September 24, 2008. Written consent was obtained from the guardian/parent of each participating child.

Results {#Sec7}
=======

Table [1](#Tab1){ref-type="table"} shows the prevalence of SBS symptoms among the children and according to lifestyle behaviors. The prevalence rates for mucosal, skin, and general symptoms were 6.9%, 2.0%, and 0.8%, respectively, while 35% reported experiencing one or more allergic symptoms within the previous 12 months. Significantly higher mucosal symptoms were observed among boys, while a higher prevalence of general symptoms was found among girls. Children with at least one allergy and whose parents had histories of allergies reported an increased prevalence of both mucosal and skin symptoms compared to those without allergies/parental histories of allergies. Table 1Prevalence of sick building symptoms (SBS) with demographic and lifestyle behavior of childrenVariablesReferenceTotal *n* (%) or, (Mean ± SD)Mucosal symptomsSkin symptomsGeneral symptomsSBS symptomsMucosal symptomsYes304 (6.9)38 (43.7)\*\*13 (37.1)No4104 (93.1)49 (56.3)22 (6.6)Skin symptomsYes87 (2.0)38 (43.7)\*\*6 (6.9)\*\*No4321 (98)266 (6.2)29 (0.7)General symptomsYes35 (0.8)13 (37.1)\*\*6 (6.9)\*\*No4373 (99.2)291 (6.6)81 (93.1)Demographic dataGenderBoys2125 (49.2)177 (8.3)\*\*\*39 (1.8)10 (0.5)\*\*Girls2192 (50.8)123 (5.6)45 (2.1)23 (1.1)Grade1723 (16.4)43 (5.9)14 (1.9)6 (0.8)2739 (16.8)53 (7.2)16 (2.2)4 (0.5)3752 (17.1)61 (8.1)15 (1.9)10 (1.3)4768 (17.5)45 (5.8)13 (1.7)6 (0.8)5698 (15.9)51 (7.3)16 (2.3)7 (1.0)6708 (16.1)51 (7.2)13 (1.8)2 (0.3)Parental history of allergiesYes2813 (63.8)267 (9.5)\*\*\*76 (2.7)\*\*\*26 (0.9)No1595 (36.2)37 (2.3)11 (0.7)9 (0.6)Any allergiesYes1465 (35.0)229 (15.6)\*\*\*64 (4.4)\*\*\*16 (1.1)No2721 (65.0)52 (1.9)19 (0.7)18 (0.6)Lifestyle behaviorsEating breakfastNo/sometimes108 (2.4)9 (8.3)2 (1.8)3 (2.7)\*Always4295 (97.4)295 (6.9)85 (1.9)32 (0.7)Significant faddinessSignificant568 (12.9)57 (10.1)\*\*14 (2.4)10 (1.7)\*Almost none/some3829 (87.1)247 (6.4)73 (1.9)25 (0.6)Daily TV watching≥ 3 h1394 (31.7)103 (7.4)27 (1.9)14 (1.0)≤ 2 h3007 (68.3)201 (6.7)60 (2.0)21 (0.7)Constipation/bowel movementOnce in 3 days337 (7.7)33 (9.9) \*13 (3.8)\*10 (3.0)\*\*\*Once in 1--2 days4042 (92.3)270 (6.7)74 (1.8)24 (0.6)Insufficient sleepNo/sometimes1199 (27.4)115 (9.6)\*\*\*34 (2.8)\*22 (1.8)\*\*\*Always3186 (72.6)186 (5.8)52 (1.6)11 (0.3)Feeling refreshed after sleepNo/sometimes1486 (33.8)151 (10.2)\*\*\*45 (3.0)\*\*\*24 (1.6)\*\*\*Always2908 (66.2)152 (5.2)42 (1.4)10 (0.3)Deep sleepNo/sometimes441 (10.1)62 (14.1)\*\*\*17 (3.8)\*\*12 (2.7)\*\*\*Always3953 (89.9)242 (6.1)70 (1.8)21 (0.5)Lifestyle index (0--7)Continuous2.1 ± 1.22.5 ± 1.3\*\*\*2.4 ± 1.2\*3.1 ± 1.1\*\*\*Any allergies were defined positive if a child experiences at least one of ISAAC symptoms (wheeze, rhinoconjunctivitis, or eczema)*p* values were calculated using the chi-square test\**p* ≤ 0.05, \*\**p* ≤ 0.01, \*\*\**p* ≤ 0.001

As shown in Table [1](#Tab1){ref-type="table"}, most of the school children had good habits regarding daily breakfast consumption (97.4%) and the lack of faddiness (87.1% none/some). Further, about 70% watched TV for ≤ 2 h/day, while 92.3% reported bowel movements once every 1--2 days. Most children also reported good sleep quality based on measures of sufficiency, feeling refreshed after sleep, and receiving deep sleep (72.6%, 66.2%, and 89.9%, respectively). On the other hand, children who skipped breakfast and those who expressed significant faddiness (many instances of liking/disliking food) reported higher prevalence rates for general and mucosal symptoms, respectively. Notably, an increased prevalence of all SBS symptoms was found among children who reported only having bowel movements once every 3 days and who had poor sleep quality. Mean lifestyle index (0--7) values were also significantly higher for children with all SBS symptoms when compared to children without symptoms.

Table [2](#Tab2){ref-type="table"} shows the prevalence of SBS based on participant's housing characteristics. As shown, households contained an average of four inhabitants. Children who lived in older buildings and houses with dampness exhibited SBS symptoms at significantly higher rates. Further, a higher prevalence of general symptoms was found among children living in multifamily houses (i.e., compared to those in single-family houses). More mucosal symptoms were reported among children living in houses with wall-to-wall carpet and without ventilation. Finally, children who lived in houses located near (within 50 m) roads with heavy traffic reported increased mucosal and general symptoms. Table 2Prevalence of sick building symptoms and home building characteristicsVariablesReferenceTotal *n* (%) or (Mean ± SD)Mucosal symptomsSkin symptomsGeneral symptomsHome building characteristicsNumber of inhabitantsContinuous4.1 ± 1.14.0 ± 1.014.0 ± 1.14.0 ± 1.2Building ageYears14.1 ± 10.015 ± 10.8\*16.3 ± 10.5\*15.4 ± 7.8Dampness index (0--4)Continuous1.1 ± 1.11.4 ± 1.1\*\*\*1.4 ± 1.2\*\*\*1.6 ± 1.2\*\*\*Type of homeSingle-family home1910 (43.5)116 (6.1)41 (2.1)9 (0.5)\*Multifamily home2483 (56.5)188 (7.6)46 (1.8)25 (1.0)Structure of homeWooden2248 (51.4)149 (6.6)45 (2.0)12 (0.5)Others2124 (58.6)154 (7.3)42 (2.0)22 (1.1)Newly built/renovated within 1 yearYes279 (6.3)13 (4.7)7 (2.5)2 (0.7)No4129 (93.6)291 (7.1)80 (1.9)33 (0.8)Environmental tobacco smokeYes2105 (47.9)151 (7.2)43 (2.1)21 (1.0)No2291 (52.1)153 (6.6)44 (1.9)13 (0.6)Ventilation in living and/or child's room(s)Yes2846 (65.4)179 (6.3)\*60 (2.1)21 (0.7)No1503 (34.6)123 (8.2)26 (1.7)13 (0.9)Furry pets in the houseYes1106 (25.1)67 (6.1)16 (1.4)9 (0.8)No3293 (74.5)237 (7.2)71 (2.2)25 (0.8)Wall-to-wall carpetYes2511 (57.3)191 (7.6)\*53 (2.1)21 (0.8)No1870 (42.7)109 (5.8)34 (1.8)13 (0.7)Lives near heavy traffic within 50 mYes3336 (76.4)254 (7.6)\*\*\*65 (1.9)31 (0.9)\*No1028 (23.5)48 (4.6)22 (2.1)3 (0.3)*p* values were calculated using the chi-square test and t test\* *p* ≤ 0.05, \*\**p* ≤ 0.01, \*\*\**p* ≤ 0.001

The basic building characteristics of all 12 elementary schools are listed in Table [3](#Tab3){ref-type="table"}. School building ages ranged from \< 1 year to 46 years, and 11 of the 12 schools were constructed of ferroconcrete (one was prefabricated). Further, nine schools had PVC flooring, while the others were built with wooden floors. Responses also showed that just three schools had mechanical ventilation systems, while only one had a humidity control system, and the rest used natural ventilation. Next, 10 schools had single-glass, double-paned windows, while two had paired-glass windows. For room heating, seven schools used natural gas, three used kerosene, and two used electricity. Since no significant differences in the prevalence of SBS were observed among schools, we solely focused on the home environment for the remaining analyses. However, we included schools as a confounding factor in adjusted regression models to control potential variables that could be associated with SBS. Table 3School building characteristics and prevalence of SBS symptoms (*N* = 12)SchoolsNumber of studentsBuilding age (year)ConstructionFloor materialVentilation typeWindow panesHeating energyHumidity controlMucosal symptomsSkin symptomsGeneral symptoms16331FerroconcreteWoodMechanical, exhaustPaired glassNatural gasNo35 (6.7)11 (2.1)1 (0.2)229630FerroconcretePVC tilesNaturalSingle-glass, double-panedKeroseneNo11 (5.5)4 (2.0)1 (0.5)390635FerroconcretePVC tilesNaturalSingle-glass, double-panedNatural gasNo51 (8.7)7 (1.2)2 (0.3)432936FerroconcretePVC tilesNaturalSingle-glass, double-panedKeroseneNo17 (8.8)2 (1.0)2 (1.0))549446FerroconcretePVC tilesNaturalSingle-glass, double-panedNatural gasNo19 (7.6)8 (3.2)5 (2.0)652927FerroconcretePVC tilesMechanical, exhaustSingle-glass, double-panedKeroseneYes29 (7.7)7 (1.8)4 (1.1)755226FerroconcretePVC tilesNaturalSingle-glass, double-panedNatural gasNo23 (5.4)9 (2.1)7 (1.6)811330FerroconcreteWoodMechanical, exhaustSingle-glass, double-panedElectricityNo3 (3.1)0 (0.0)0 (0.0)967718FerroconcretePVC tilesNaturalSingle-glass, double-panedNatural gasNo36 (7.2)9 (1.8)5 (1.0)1064524FerroconcretePVC tilesNaturalSingle-glass, double-panedElectricityNo34 (7.3)13 (2.7)3 (0.6)11742\< 1PrefabricateWoodNaturalPaired glassNatural gasNo11 (3.6)10 (2.0)4 (0.8)1247714FerroconcretePVC tilesNaturalSingle-glass, double-panedNatural gasNo11 (6.9)7 (2.3)1 (0.3)Based on chi-square test, no significant difference was observed in the prevalence of all SBS symptoms among schools

Table [4](#Tab4){ref-type="table"} shows the adjusted logistic regression results on the associations of demography, lifestyle behaviors, and home characteristics variables with SBS symptoms. The presence of any allergies revealed a high OR with both mucosal (OR = 9.23, 95% CI = 5.41, 10.20) and skin (OR = 5.23, 95% CI = 3.12, 9.17) symptoms. Further, a significantly increased OR was observed for the association between skipping breakfast and general symptoms (OR = 3.92, 95% CI = 1.13, 13.49), while significant faddiness was associated with mucosal (OR = 1.60, 95% CI = 1.17, 2.18) and general (OR = 2.77, 95% CI = 1.26, 6.06) symptoms. Finally, having a bowel movement only once every 3 days and lacking quality sleep (not receiving sufficient sleep, not feeling refreshed after sleep, and lacking deep sleep) showed significantly high ORs in association with all SBS symptoms. No significant associations were found between any amounts of daily TV watching time and SBS symptoms. Next, we examined the association between housing characteristics and SBS symptoms. Here, several variables were significantly associated with higher mucosal symptoms, including older building age, no ventilation, wall-to-wall carpet, and living near heavy traffic, while skin and general symptoms revealed significantly high ORs with older building age and living in a multifamily (apartment) home. Further, an increased OR was observed between all SBS symptoms and the dampness index. Table 4Logistic regression on sick building syndrome, lifestyle behaviors, and home characteristicsVariablesReferenceMucosal symptomsSkin symptomsGeneral symptomsOR (95% CI)OR (95% CI)OR (95% CI)**Demographic data**Any allergiesNo9.23 (5.41, 10.2)\*\*\*5.23 (3.12, 9.17)\*\*\*1.41 (0.67, 2.94)**Lifestyle behaviors**Eating breakfast (No/sometimes)Always1.40 (0.64, 2.70)0.99 (0.24, 4.14)3.92 (1.13, 13.49)\*Significant faddinessNone/some1.60 (1.17, 2.18)\*\*1.23 (0.67, 2.24)2.77 (1.26, 6.06)\*Daily TV watching (≥ 3 h)\< 2 h1.15 (0.89, 1.48)0.90 (0.56, 1.46)1.16 (0.56, 2.38)Constipation/bowel movement (Once in 3 days)Once in 1--2 days1.69 (1.14, 2.52)\*2.06 (1.10, 3.38)\*4.38 (1.88, 9.34)\*\*\*Insufficient sleep (No/sometimes)Always1.72(1.25, 2.35)\*\*2.22 (1.26, 3.84)\*\*0.85 (0.13, 3.56)Feeling refreshed after sleep (No/sometimes)Always2.09 (1.52, 2.85)\*\*2.74 (1.56, 4.74)\*\*8.08 (3.36, 21.4)\*\*\*Deep sleep (No/sometimes)Always3.15 (2.13, 4.60)\*\*2.16 (0.91, 4.55)\*10.3 (3.65, 29.9)\*\*Lifestyle index (0--7)Continuous1.32 (1.21, 1.45)\*\*\*1.22 (1.04, 1.44)\*1.76 (1.39, 2.24)\*\*\***Home building characteristics**Number of inhabitantsContinuous0.94 (0.83, 1.06)0.91 (0.72, 1.14)0.94 (0.64, 1.32)Building ageContinuous1.09 (1.03, 1.16)\*1.12 (1.01, 1.24)\*1.05 (0.89, 1.25)Multifamily home (Apartment)Single-family home1.27 (0.95--1.70)0.83 (0.49--1.39)2.30 (1.05, 5.45)\*Steel and concrete structureWooden structure1.03 (0.98--1.35)1.02 (0.62, 1.68)1.65 (0.72, 3.78)Newly built/renovation within 1 yearNo0.64 (0.36--1.15)1.53 (0.69, 3.34)1.01 (0.24, 4.29)Environmental tobacco smokeNo1.17 (0.91--1.48)1.06 (0.68, 1.64)1.79 (0.86--3.72)Ventilation in living and/or child's room(s)Yes1.33 (1.04--1.70)\*0.79 (0.49, 1.28)1.12 (0.53, 2.27)Furry pets in the houseNo0.91 (0.68, 1.21)0.64 (0.36, 1.13)1.19 (0.54, 2.60)Wall-to-wall carpetNo1.31 (1.02--1.69)\*1.09 (0.69, 1.71)1.04 (0.51, 2.15)Dampness indexContinuous1.43 (1.29, 1.60)\*\*1.40 (1.15, 1.70)\*\*1.66 (1.21, 2.29)\*\*Lives near heavy trafficNo1.74 (1.20, 2.50)\*\*0.95 (0.52, 1.72)2.92 (0.80, 10.83)Any allergies were defined positive if a child experiences at least one of ISAAC symptoms (wheeze, rhinoconjunctivitis, or eczema)Lifestyle index (0--7): score of individual lifestyle behaviors ranging from 0 (healthiest) to 7 (unhealthy or least healthy)Adjusted for gender, grade, school, and parental history of allergy\**p* ≤ 0.05, \*\**p* ≤ 0.01, \*\*\**p* ≤ 0.001

We then conducted a backward stepwise analysis while adjusting for potential confounders (gender, grade, parental history of allergies, and school) to assess independent variables in associations with SBS symptoms (Table [5](#Tab5){ref-type="table"}). Results clearly showed that having any allergies was significantly associated with elevated mucosal and skin symptoms. For lifestyle behaviors, significant faddiness and not feeling refreshed after sleep revealed high ORs in relation to mucosal symptoms. The association between constipation and general symptoms was also persistent. Among building characteristics, only the association between home dampness and all SBS symptoms remained significant after eliminating assessed variables. Table 5Backward stepwise logistic regression modelVariablesReferenceMucosal symptomsSkin symptomsGeneral symptomsOR (95% CI)OR (95% CI)OR (95% CI)**Demographic data**Any allergiesNo6.80 (4.98, 9.44)\*\*4.74 (2.82, 8.34)\*\*−**Lifestyle behaviors**Eating breakfast (No/sometimes)Always−−2.51 (0.54, 8.19)Significant faddinessNone/some1.50 (1.05, 2.10)\*−−Daily TV watching (≥ 3 h)≤ 2 h−−−Constipation/bowel movement (Once in 3 days)Once per 1--2 days−−3.17 (1.31, 7.11)\*Insufficient sleep (No/sometimes)Always−−−Feeling refreshed after sleep (No/sometimes)Always1.52 (1.15, 2.02)\*1.84 (1.16, 2.91)\*−Deep sleep (No/sometimes)Always1.40 (0.96, 2.01)4.39 (1.94, 9.57)\*\*Lifestyle index (0--7)Continuous−−−**Home building characteristics**Number of inhabitantsContinuous−−−Building ageContinuous−−−Multifamily homeSingle family home−−−Steel and concrete structureWooden structure−−−Newly/renovation within 1 yearNo−−−Environmental tobacco smokeNo−−−VentilationYes−−−Furry pets in the houseNo−−−Wall-to-wall carpetNo−−−Dampness indexContinuous1.35 (1.20, 1.52)\*\*\*1.35 (1.11, 1.65)\*1.50 (1.06, 2.09)\*Living near heavy trafficNo−−Any allergies were defined positive if a child experience at least one of ISAAC symptoms; wheeze, rhinoconjunctivitis or eczema. All variables of lifestyle behavior and home characteristics introduced into model at same time and adjusted for gender, grade, school, and parental history of allergiesLifestyle index (0--7): score of individual lifestyle behaviors ranging from 0 (healthiest) to 7 (unhealthy or least healthy)\**p* ≤ 0.05, \*\**p* ≤ 0.01, \*\*\**p* ≤ 0.001

Discussion {#Sec8}
==========

This study derived data from an epidemiological survey to assess the prevalence of SBS symptoms in relation to allergic diseases, lifestyle behaviors, and building characteristics among school children. A significant positive association was found between the presence of allergies and all SBS symptoms. However, this study found a lower prevalence of SBS symptoms than a previous report \[[@CR17]\] among children of the same age group. Nevertheless, lifestyle behaviors such as skipping breakfast, significant faddiness, constipation, insufficient sleep, not feeling refreshed after sleep, and lacking deep sleep were associated with increased SBS symptoms. Several building characteristics were also associated with increased SBS symptoms, including building age, multifamily housing, the lack of ventilation, dampness, and living near heavy traffic.

Prevalence of SBS {#Sec9}
-----------------

We compared the results from this study's population (Sapporo City) with those reported by a study among elementary school children in the Japanese city of Asahikawa (135 km from Sapporo City) \[[@CR17]\]. Here, this study's population showed lower prevalence rates for mucosal (6.9% vs 14.0%), skin (2.0% vs 11.3%), and general symptoms (0.8% vs 4.8%) \[[@CR17]\]. Children in the Asahikawa study skipped breakfast more often and consumed greater amounts of snacks/sweets \[[@CR17]\]. Thus, better (healthier) lifestyle habits may have partially contributed to the lower prevalence of SBS symptoms found among the current study's population. This study also found a higher prevalence of general symptoms among girls when compared to boys. A previous study based in Iran school also found more symptoms among female students \[[@CR22]\], while another Japanese school children study reported more symptoms among boys \[[@CR17]\]. On the other hand, studies among adult populations have reported higher SBS rates among women \[[@CR23]--[@CR25]\]. As such, there is not yet sufficient evidence to establish gender-specific differences for SBS rates. Thus, future studies should investigate this issue more thoroughly.

Allergies and SBS {#Sec10}
-----------------

This study also found positive associations between mucosal and skin symptoms and the presence of allergies (wheeze, rhinoconjunctivitis, and eczema), thus supporting previous findings \[[@CR13], [@CR14], [@CR26]\]. We therefore hypothesized that children with asthma/allergies are at greater danger for developing SBS symptoms than those without these conditions. Notably, similar SBS trends were observed in our stratified analysis of allergic and non-allergic children except in eating breakfast and TV watching variables with mucosal symptoms (Supplementary Table [1](#MOESM1){ref-type="media"}), in which asthmatic children who skipped breakfast displayed increased OR, while in contrast showed lower OR in daily TV watching variable when compared to non-asthmatic children in mucosal symptoms. This indicates that SBS may be experienced in children independent of allergic symptoms. This could be attributed to factors other than allergic diseases, such as indoor environmental pollutants (e.g., dampness, chemicals, and/or microbial factors), which may increase SBS in non-allergic children \[[@CR1], [@CR8], [@CR10], [@CR11], [@CR27]\]. Further, our stepwise analysis revealed that the presence of any allergies (an independent variable) was associated with mucosal and skin symptoms (Table [5](#Tab5){ref-type="table"}), which also supported previous studies \[[@CR13], [@CR26]\]. Thus, the risk of SBS might be decreased by making efforts to prevent allergic diseases in children.

Lifestyle behaviors and SBS {#Sec11}
---------------------------

One of this study's main objectives was to evaluate the prevalence of SBS and its association with children's lifestyle behaviors. While only 2.4% reported skipping breakfast, these children showed significantly increased general symptoms when compared to children who always eat breakfast. Further, significant faddiness was also associated with increased mucosal and general symptoms. A stepwise analysis indeed confirmed that significant faddiness and constipation (independent variables) were related to mucosal and general symptoms, respectively. This supports previous studies reporting that similar unpreferable eating behaviors were adversely associated with eye and general symptoms in children \[[@CR17], [@CR18]\]. Further, non-parametric Spearman significant correlation was observed between unpreferable eating habits (skipping breakfast and exhibiting faddiness) and constipation (Supplementary Table [2](#MOESM2){ref-type="media"}). This supports the findings of a previous study showing that individual's food consumption habits were closely related to bowel movement frequency \[[@CR28]\]. Thus, unhealthy food consumption behaviors such as skipping breakfast may help explain the increased OR observed between SBS symptoms and constipation in this study. This indicates the importance of promoting healthy eating behaviors for young children when attempting to reduce SBS and mitigate other health risks in later life.

It is well-established that healthy sleep habits are essential for child health and development \[[@CR29]\]. We therefore independently investigated the effects of three sleep qualities (i.e., sufficiency, feeling refreshed after sleep, and deep sleep) on SBS. Here, results showed increased ORs for poor quality in all three items, thus supporting a study by Isshiki et al. \[[@CR18]\], which found that children who slept longer and more sufficiently reported less general SBS symptoms. Notably, this study's sleep index (0--3) values showed increased ORs with each additional poor sleep quality variable and the presence of all SBS with *p* for trend \< 0.001 (Supplementary Table [3](#MOESM3){ref-type="media"}). This indicates that children with more than one sleep problem may be at greater risk for developing SBS symptoms.

Home building characteristics and SBS {#Sec12}
-------------------------------------

More than 50% of the respondent's homes in this study were positive for one or more dampness indicators. Notably, we found a significant association between dampness index (0--4) values and SBS symptoms, which also supports previous studies \[[@CR1], [@CR10], [@CR17], [@CR26], [@CR27]\]. Specifically, our stepwise analysis in Table [5](#Tab5){ref-type="table"} confirmed a persistent and significant association between dampness index (0--4) and all SBS symptoms, thus indicating that dampness is the most common independent indoor variable for SBS. This directly shows that reducing dampness in the home may decrease the development of SBS symptoms. Multifamily homes, lack of ventilation, and wall-to-wall carpet were important significant home building characteristics in association with general and mucosal SBS. Studies have reported the relationship of no ventilation and wall-to-wall carpeting of home, school, or in office buildings with SBS in children or adults \[[@CR27], [@CR30], [@CR31]\]. This could reflect the abovementioned common variables in different building types such as home, school, or office are related to SBS. We also found that living near roads with heavy traffic was associated with mucosal symptoms in children. This may be due to higher amounts of outdoor pollutants such as particulate matter and nitrogen oxide, in which previous studies have reported in association with SBS \[[@CR32]\]. Although previous studies reported the association of school environments with SBS in students, in this study, we did not observe significant differences in the prevalence of SBS among schools.

Strengths and limitations {#Sec13}
-------------------------

This study had strengths and limitations. Strength-wise, we analyzed a relatively large number of participants (*n* = 4408) when compared to previous survey studies which assessed SBS symptoms among school children. Further, a stepwise analysis allowed us to elucidate the associations between independent variables and SBS symptoms, while data on personal characteristics, lifestyle behaviors, and building characteristics allowed us to assess several variables related to SBS in children. Although home environment, such as dampness, may differ across Japan \[[@CR1]\], this study population of children in municipal schools strengthens the generalizability of our findings on the prospect of covering wide school locations and small lifestyle disparity among Japanese children in municipal schools. This study solely was dependent on a parent-reporting subjective questionnaire in which the lack of observational data is one of our limitations. Another limitation of this study is our initial aim of considering both school building and home building together in relation to SBS in children with the follow-up question. Since our preliminary analysis showed no significant difference in the prevalence of SBS symptoms among schools, we investigated home building variables in association with SBS symptoms but included schools in adjusted regression models as covariate factor. In doing this, we consider both home and school environment as an independent factor, yet we could not isolate if the SBS occurs in the school building or home building. Although previous studies reported socioeconomic status (SES) as a confounding factor in association with SBS \[[@CR1], [@CR33]\], not obtaining SES data is our study limitation. Finally, this study is limited by its cross-sectional epidemiological design, meaning our results cannot be used to establish causal relationships.

Conclusions {#Sec14}
===========

This study's findings suggest that allergies increase mucosal and skin symptoms in children. Further, unhealthy lifestyle behaviors (skipping breakfast, significant faddiness, constipation, and poor sleep quality) were associated with increasing SBS symptoms. Among the home environment variables, older building age, multifamily dwellings, the lack of ventilation, dampness, and living near heavy traffic were associated with increased SBS rates. Overall, these findings suggest that improving dietary quality, ensuring proper sleep habits, and providing an appropriate home environment (especially by reducing dampness) may reduce SBS symptoms in children. On the other hand, the reverse may also be true in some cases; for instance, reducing SBS may improve lifestyle factors such as sleep quality.
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###### 

**Additional file 1: Supplementary Table 1.** Multiple variables related to sick building syndrome stratified according to ISAAC allergy results.

###### 

**Additional file 2: Supplementary Table 2.** Non-parametric spearman correlation for lifestyle behaviors and home building characteristics variables.

###### 

**Additional file 3: Supplementary Table 3.** Adjusted logistics regression on sick building syndrome and sleep index (0-3).

SBS

:   Sick building syndrome

ISAAC

:   International Study of Asthma and Allergies in Childhood

MM

:   Miljo Medicine (Swedish term for environmental medicine)

SD

:   Standard deviation

OR

:   Odds ratio

CI

:   Confidence interval

ETS

:   Environmental tobacco smoke
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